Objectives-Ureterocele is a sac-like dilatation of terminal ureter. Precise anatomic delineation is of utmost importance to proceed with the surgical plan, particularly in the ectopic subtype. However, the level of ureterocele extension is not always elucidated by the existing imaging modalities and even by conventional cystoscopy, which is considered as the gold standard for evaluation of ureterocele. This study aims to evaluate the accuracy of three-dimensional virtual sonographic cystoscopy (VSC) in the characterization of ureterocele in duplex collecting systems.
U
reterocele is a cystic dilatation of an intramural ureter. Ureterocele is classified based on the terminology proposed by the Committee on Terminology of the Urologic Section of the American Academy of Pediatrics. A ureterocele situated entirely within the bladder is referred to as orthotopic or intravesical, whereas a ureterocele that has a portion located at the bladder neck or outside the bladder is called ectopic or a cecoureterocele. 1 The ectopic subtype is more frequent and is associated with ureteral duplication in children. 2 It also has a more variable clinical picture particularly in girls, and may present as an interlabial mass 3 or acute urethral obstruction due to ureteral prolapse. 4, 5 Discriminating orthotopic from ectopic ureterocele is essential in guiding further evaluations and treatment options. An important part of the diagnostic work-up of ureterocele is precise anatomical delineation of ureterocele, to define the surgical plan. 2 Sonography is generally the first diagnostic step. It depicts the ureterocele as a sonolucent mass associated with the posterior bladder wall, and gives valuable information about kidneys, collecting systems, and the urinary bladder. Voiding cystoureterography is also used as a complementary method to diagnose ectopic ureterocele and assess for vesicoureteral reflux, which most often occurs in the lower pole ureter (50%) or in the contralateral ureter (25%). 4 The level of ureterocele extension may not be accurately delineated with the conventionally used diagnostic modalities such as ultrasonography, especially in inexperienced hands. As all of these modalities have inherent pitfalls, conventional cystoscopy still remains the gold-standard diagnostic modality. 2 In contrast, cystoscopy is not always helpful, as the extension of ureterocele is variable upon dynamic ureteral peristalsis and may not be evident in lithotomy position. Moreover, repetitive scoping may induce edema in the ureter during cystoscopy, and precludes the precise visualization of the ureterocele opening in ectopic cases. Thus, an imaging modality that precisely elucidates the anatomy, size, and true extension of ureterocele is preferable. Three-dimensional (3D) sonography is a great advancement in the field of diagnostic imaging that facilitates precise depiction of hollow organs and structures. It provides a third image plane and a coronal plane, which allows more accurate volumetric calculation, especially in organs with irregular shapes. 6 It also provides 3D image reconstruction and enhances viewing perspectives. 7 It has been used successfully in the diagnosis of bladder tumors. 8, 9 We have previously reported the application of virtual magnetic resonance cystoscopy in the diagnosis of ureterocele 10 as a more optimal imaging modality for the evaluation of ureteroceles. Despite success with this technique, performing MRI in a pediatric setting requires anesthesia induction and contrast injection, and is also a costly modality. Therefore, in this study we aim to evaluate the potential application of 3D virtual sonographic cystoscopy (VSC) in the evaluation of ureterocele in children with duplex systems.
Materials and Methods
Sixteen patients (9 males and 7 females) with a mean age of 5.1 (standard deviation 1.96) years were studied between February 2015 and July 2015. The study was approved by the ethical committee of Tehran University of Medical Sciences, and informed consent was obtained from parents and caregivers. Patients were referred to our pediatric urology clinic with various presentations, including antenatal hydroureteronephrosis, recurrent urinary tract infection (UTI), dysfunctional voiding, and urinary retention. The diagnosis of ureterocele was suggested when transabdominal ultrasonography showed duplex collecting system and ureterocele in all cases. A single experienced pediatric radiologist conducted all 3D sonographic examinations using 3D HDLive, rendering mode (Voluson E10, General Electric Medical Systems, Zipf, Austria). The radiologist was blinded to the former investigations, if available, and evaluated the entire bladder to assess the precise anatomy, number, size, location, and extension of ureterocele inside the bladder. The 3D sonographic study was carried out with the urinary bladder filled up to more than half of its maximum capacity, which is considered the optimal filling volume for evaluation of bladder surface and features of ureterocele. Estimated bladder capacity was calculated based on the Koff formula (bladder capacity [in ounces] 5 age [in years] 1 2).
11 Approximately 1 hour before the sonographic examination, a specific amount of water (equal to bladder capacity) was given to the patients orally. Initially, a routine two-dimensional pelvic ultrasonography was performed for all cases, and then 3D virtual sonography was pursued (Figure 1 ). Volume acquisition took only a few seconds using a matrix convex mechanical transducer (RM6C, General Electric Medical Systems, 2-6 MHz). Information acquired during VSC was documented for each case, to compare with conventional cystoscopy findings.
All patients then underwent conventional cystoscopy under general anesthesia as the gold standard of ureterocele evaluation. A single experienced pediatric urologist who was blinded to the findings of VSC performed all of the cystoscopies. During cystoscopy, the whole bladder was precisely evaluated using a rigid 6 Fr cystoscope (Richard Wolf GmbH, Knittlingen, Germany). Characteristics of ureterocele, including number, size, morphology, extension, and the exact location, were recorded. Ureteroceles were then successfully treated using endoscopic double-puncture technique as described previously. 12 The VSC findings were compared with conventional cystoscopy established as the gold-standard technique, and the accuracy of VSC in characterization of the ureterocole features was assessed.
Results
This study was performed on 16 patients with the mean age of 5.1 (standard deviation 1.96; range 2.5 to 9) years. Ten patients presented with UTI, whereas four presented with urethral obstruction, and two with an interlabial mass. Three-dimensional VSC was well tolerated in all cases without any complication. The images obtained from VSC were high quality in 14 (87.5%) of 16 patients. Image quality in the other two patients was suboptimal as a result of inadequate bladder distention, and subsequently, the ureterocele features were not well demonstrated. Out of 14 patients, VSC clearly confirmed the diagnosis and delineated ureterocele extension in the following locations: (1) bulged in the bladder base, causing compression on the lower collecting system ureter (6 cases); (2) lying adjacent to the bladder outlet (5 cases); (3) bulged into the bladder lumen without obstructing outlet or urethra (2 cases); and (4) bilateral ureteroceles forming a donut-shape circumferential collar around the base (1 case) ( Table 1) . During cystoscopy, all lesions described by VSC were confirmed, except for one case in which the ureterocele bulged into the bladder lumen without obstruction, thought to be consistent with an ectopic ureterocele on VSC. Compared with the conventional cystoscopy findings, the precise detection rate of VSC was 93% ( Table   Figure 1 . Routine grayscale sonographic examination (A) was performed for all cases before VSC (B). In this patient, the ureterocele is bulged in the bladder base, which is well visualized in 3D view.
1). The real-time 360
view in VSC provided the possibility of visualizing the bladder surface, walls, ureteric orifices, internal urethral orifice, bladder base, and trigone.
Discussion
Precise delineation of a ureterocele is mandatory for optimal surgical therapeutic decision making. Ultrasonography, voiding cystoureterography, and magnetic resonance urography are used as diagnostic tests for detection of all types of ureteroceles. 10, 12 However, conventional cystoscopy still remains the goldstandard technique in this regard. Although conventional cystoscopy provides direct visualization of the bladder mucosa, it is considered an invasive and costly procedure, and is associated with a number of complications, such as UTI and hematuria. 13, 14 During the past two decades, virtual endoscopy of different hollow organs has been reported, 15, 16 and has received popularity considering its noninvasive nature, and has already been used in the field of urology. 17, 18 Virtual cystoscopy was first introduced in 1996, based on images acquired from computed tomography scanners. 19 Computed tomography-based virtual cystoscopy not only requires intravenous injection of contrast medium, but it is also associated with radiation exposure and increased carcinogenic risk, which limits its application in the pediatric population. 20 We recently introduced a novel technique using virtual magnetic resonance cystoscopy for precise depiction of ureterocele, particularly the ectopic type. We found this modality to be the most sensitive technique for investigation of ureterocele anatomy and its extension, 10 albeit, sharing some considerable drawbacks.
First, the child requires a sedative or anesthesia induction before the procedure. Moreover, use of contrast medium to fill the bladder is mandatory in this technique, which can result in several morbidities, such as UTI. However, sonographic-based cystoscopy can obviate these concerns. Three-dimensional sonography was first introduced in 1995. 21 This noninvasive modality was initially used for obstetrics and gynecologic evaluations, 22, 23 but has gained popularity in multiple fields, 7 such as identification of bladder tumors, 24 breast tumors, 25 and even more recently, the anterolateral ligament. 26 Our study appears to be the first one to evaluate VSC for ureterocele assessment, including precise delineation and evaluation of ureterocele extension in the pediatric population. This study's findings showed that VSC gives a favorable perspective on precise characterization of ureterocele margin and topography endorsed by conventional cystoscopy (Figure 2) . In contrast to other organs, the urinary bladder as an aperistaltic hollow organ is very appropriate for rendering 3D images using sonography. 27 It provides the urologic surgeon with additional details on the anatomical structure of the inner surface of bladder, orifices, anterior bladder wall, and bladder neck with a viewpoint inside the urinary bladder that is not detectable with two-dimensional sonography. Moreover, the 3D sonographic-based virtual cystoscopy offers a real-time broad view (the so-called four-dimensional sonography) of the bladder structures. 
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Using real-time 3D sonography to assess the patients with ureterocele, the alternating shape and true extension of ureterocele can be precisely evaluated. However, conventional cystoscopy is unable to indicate this as a result of dynamic peristalsis of the ureter and lithotomy position of the patient during cystoscopy. The level of ureterocele true extension is an important factor in selecting the best surgical approach.
A drawback for VSC could be low pictorial resolution of 3D sonography imaging in comparison to conventional cystoscopy. One major factor that leads to suboptimal sonographic examination could be insufficient bladder distension. This concern may be relieved by adequate oral hydration before the examination. In contrast, a fully distended bladder could preclude proper image acquisition. However, we were able to obtain high-quality images and accurately detect ureterocele characteristics in all patients except two, who had inadequate bladder distension. We therefore conclude that with adequate bladder extension, 3D sonography pictorial resolution is sufficient for virtual cystoscopy in pediatric patients with ureterocele.
We previously developed a novel technique for ureterocele surgery, 12 in which two punctures are created into both poles of the ureterocele under direct cystoscopic vision. Then a ureteral stent is inserted into both surgically created openings to maintain the urine flow. Subsequently, fulguration of the anterior and posterior walls is performed at multiple points. Understanding the exact extension and features of ureterocele can facilitate the best surgical plan and outcome using the previously mentioned double-puncture method.
Compared with virtual magnetic resonance cystoscopy, VSC is a faster, more cost-effective, and safer technique that is feasible in children and infants, as it obviates the need for sedation and contrast material. Beyond its advantages, virtual cystoscopy has some limitations should biopsy become necessary. Additionally, operator and equipment-dependent limitations apply as well, and patient cooperation may limit the examination.
In conclusion, VSC is a promising, rapid, and accurate method for the evaluation of ureterocele in children, and can provide the surgeon with valuable presurgical details about the bladder lumen and ureterocele extension. Therefore, we suggest VSC as a noninvasive, officebased modality in the evaluation of ureterocele before cystoscopic treatment.
